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THE MAILING DATE OF THIS COMMUNICATION. 



- Extensions of time may be available under the provisions of 37 CFR 1 .136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 

- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 
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- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 



3) D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1 935 CD. 11, 453 O.G. 21 3. 

Disposition of Claims 

4) E] Claim(s) 29-45 is/are pending in the application. 

4a) Of the above claim(s) none is/are withdrawn from consideration. 

5) D Claim(s) is/are allowed. 

6) S Claim(s) 29-45 is/are rejected. 

7) D Claim(s) is/are objected to. 

8) Q Claim(s) are subject to restriction and/or election requirement. 

Application Papers 

9) D The specification is objected to by the Examiner. 

10) D The drawing(s) filed on is/are: a)D accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d). 
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application from the International Bureau (PCT Rule 17.2(a)). 
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DETAILED ACTION 

This action responds to the Amendment filed 28 April 2005. 

Claim Rejections - 35 (JSC §103 

1. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

2. Claims 29, 31-38, and new claims 43-45 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over 6,251,754 Bl (Ohshima et al.) in view of US 5,141,878 (Benton et al.) and 
Moriceau et al. "Hydrogen annealing treatment used to obtain high quality SOI surfaces" IEEE 
International SOI Conference, October 1998, pp. 37-38. 

Regarding claims 29, Ohshima discloses a method a manufacturing an SOI substrate on 
which semiconductor devices are to be formed, comprising, 

forming a cleaved monocrystalline silicon surface (called "detached surface" at col. 11, 
lines 36-56) which inherently has some surface roughness; 

high temperature annealing the cleaved surface to remove surface roughness (called 
"flattening the surface") created by the cleaving process (Fig. 3, step PI 5; Fig. 4D-4E; col. 11, 
lines 50-56). 

Ohshima does not teach the conditions of the anneal. 

Benton teaches the benefits of doing a pre-bake anneal of a rough silicon surface in an 
HC1-H 2 mixture at a temperature of, for example, 1025 °C which is greater than 1000 °C as 
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further limited by instant claims 37- and between 1000 °C and 1200 °C -as further limited by 
instant claim 45- to "reduce native oxide films and to further smooth" the silicon wafer, wherein 
an exemplary anneal mixture is 0.9 liters/min HC1 and 40 liters/min H 2 or a ratio of HC1:H 2 of 
0.0225, which falls between 0.001 and 30, as further limited by instant claim 32. (See col. 2, 
lines 45-53.) 

It would be obvious for one of ordinary skill in the art, at the time of the invention, to use 
the roughness-reducing, HC1-H 2 etchant anneal of Benton as the high temperature anneal of 
Ohshima, because Ohshima desires a native-oxide-removing, surface-flattening anneal to 
prepare the cleaved silicon surface for growth of an epitaxial layer, and because Benton provides 
the successful anneal conditions to provide such desired results. 

Then the only difference is that the degree of surface roughness reduction is not indicated 
in Ohshima. 

Moriceau discloses exposing a rough silicon surface to an etchant —which is specifically 
hydrogen (as further limited in instant claim 21)- while annealing at a temperature of greater 
than 1000 °C to reduce the silicon surface roughness from about 50 A to a less than 1 A. This 
equates to a reduction in surface roughness of [(50 A -1 A)/50 A] -100 = 98%, which is greater 
than 90%, as further limited by instant claim 3 1 . (See whole document - especially third 
paragraph and Fig. 1.) 

Note also that Moriceau also teaches that any native oxide is also removed by this 
etchant anneal, at the second sentence of the fourth paragraph, which is also a desired result of 
the Ohshima high temperature anneal (col. 1 1, line 55). 
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It would be obvious for one of ordinary skill in the art, at the time of the invention, to 
reduce the surface roughness of Ohshima by an amount of at least about 90%, as taught by 
Moriceau, because Moriceau teaches such surface reduction enables an especially planar 
surface for the fabrication of semiconductor devices, which is also the object of Ohshima. 

Note the high temperature annealing of the cleaved surface in H 2 -HC1 mixture inherently 
first increases the hydrogen concentration of the cleaved surface before the etchant and thermal 
treatment because the mechanism by which the surface area is reduced is by etching as explained 
in Moriceau (4 th paragraph on the first page) necessarily requires (1) diffusion of the hydrogen to 
the cleaved silicon surface -as further limited by instant claim 44; (2) reaction of the hydrogen 
with the silicon surface to form various silicon hydrides, e.g. Si-H (surface bonded), SiH 2 
(volatile) and SiH 4 (volatile)-the process by which the hydrogen concentration of the silicon 
surface is increased; and (3) desorption of the volatile silicon hydrides. Also, because the number 
of atoms/volume of a silicon surface is 

2.33 g/cm 3 x l mol/28.0855 g x 6.022 -10 23 atoms/mol = 4.88- 10 22 atoms/cm 3 , 
it is inherent that the concentration of hydrogen is at least equal to the atom density because the 
hydrogen is reacting at least one hydrogen atom to one silicon atom. Accordingly, the limitation 
that the hydrogen concentration is 10 21 to 5-10 22 atoms/cm 3 is met -as further required by 
instant claim 43. (See MPEP 2112 regarding inherency.) 

Furthermore, it is noted there is no merit to Applicant's "belief," as stated in the instant 
specification at p. 11, lines 20-26, that the increasing the surface concentration of hydrogen of 
the cleaved surface "improves the surface smoothing," given that Benton shows at least 
equivalent smoothing of the rough Si surface to that disclosed in the instant specification: 98% 



Application/Control Number: 09/893,340 Page 5 

Art Unit: 2813 

reduction in roughness down to an absolute surface roughness of less than 1 A (0.1 nm) - just as 
in the instant disclosure (at p. 15, lines 15-30). In this regard, it has been held that "[vjarying the 
details of a process, as by adding a step or splitting one step into two does not avoid 
infringement, where the processes are substantially identical or equivalent in terms of 
function, manner, and result. Universal Oil Products Co. v. Globe Oil and Refining Co., 322 
U.S. 471, 61 USPQ 382 (1944); Ace Patents Corporation v. Exhibit Supply Co., 119F.2d 349, 
48 USPQ 667 (7th Cir. 1941); King-Seeley Thermos Co. v. Refrigerated Dispensers Inc., 354 
F.2d 533, 148 USPQ 114 (10th Cir. 1965). Identity of the apparatus used for executing the 
processes is not material in itself. National Lead Company v. Western Lead Products Co., 324 
F.2d 539, 139 USPQ 324 (9th Cir. 1963)." Excerpt from Matherson-Selig Co. v. Carl Gorr 
Color Card, Inc., 154 USPQ 265 (DC NI11 1967). In the instant case, the function, manner, 
and result are the same as in the applied art. Accordingly, the increasing the hydrogen 
concentration of the cleaved surface before the etchant and thermal treatment is merely the 
splitting of known steps. Furthermore, nowhere in the specification, nor in any evidence 
provided by Applicant, does Applicant provide an example of increasing the concentration that 
gives a different results from the closest prior art. 

Regarding claim 33, as noted above in Benton, it is the combination of HC1 and H 2 
interacting with the rough silicon surface that reduces the surface roughness. 

Regarding claims 34 and 38, the epitaxial chamber of Ohshima is a thermal processing 
chamber because the anneal is carried out in this environment of the chamber. 

Regarding claim 35, the cleaved surface is provided by controlled cleavage in Ohshima. 
(See at least Figs 2A-2F.) 
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Regarding claim 36, Ohshima discloses that the SOI substrate is formed from a donor 
silicon wafer. 

3. Claim 30 is rejected under 35 U.S.C. 103(a) as being unpatentable over Ohshima in view 
of Benton and Moriceau as applied to claim 29 above, and further in view of the article Tate et 
al., "Defect Reduction of Bonded SOI Wafers by Post Anneal Process" Proceedings of the 1998 
IEEE International SOI Conference, Oct. 1998, pp. 141-142. 

The prior art of Ohshima in view of Benton and Moriceau, as explained above, 
discloses each of the claimed features except for indicating the heating ramp rate of 10 °C/second 
or greater. 

Tate teaches a method of reducing surface roughness of cleaved SOI wafers using 
hydrogen etchant in a rapid thermal annealing using rates far greater than 10 °C/second. (See 
item entitled "3. H 2 anneal with rapid thermal annealer on Smart Cut SOI.") 

It would have been obvious for one of ordinary skill in the art, at the time of the invention 
to modify Ohshima in view of Benton and Moriceau, to use high ramp rates in order to reduce 
the time required to smooth the surface and to reduce the thermal budget, because Moriceau 
teaches that high ramp rates should be used, and also because Tate specifically teaches that rapid 
thermal annealing works to reduce surface roughness of cleaved SOI substrates in a hydrogen- 
containing etchant. 



Application/Control Number: 09/893,340 Page 7 

Art Unit: 2813 

4. Claim 39 is rejected under 35 U.S.C. 103(a) as being unpatentable over Ohshima in view 
of Benton and Moriceau as applied to claim 29 above, and further in view of EP 0 553 852 A2 
(Sato et al.). 

The prior art of Ohshima in view of Benton and Moriceau, as explained above, 
discloses each of the claimed features except for indicating the pressure of the anneal for 
reducing the surface roughness of the SOI substrate. 

Sato teaches using a hydrogen-containing atmosphere to reduce the surface roughness of 
a silicon surface by greater than 90% to form a planarized surface, wherein the pressure is, inter 
alia, atmospheric pressure, i.e. 760 Torr. (See col. 24, lines 34-51; col. 25, lines 15-32, for 
example.) 

It would have been obvious for one of ordinary skill in the art, at the time of the invention 
to use 1 atmosphere of pressure during the anneal because Ohshima, Benton, and Moriceau, do 
not indicate or require any specific pressure and because Sato teaches pressures of 1 atmosphere 
as well as elevated or reduced pressure will also work to reduce the surface roughness by greater 
than 90% to form a planarized surface. 

Moreover, Applicant has provided no evidence to indicate that the pressure during the 
anneal is critical to the reduction of surface roughness. Rather the instant specification teaches 
away from any such criticality, stating at p. 15, lines 8-9, "Chamber pressure was generally 
maintained at about 1 atmosphere, but can be at others too." (Emphasis added.) 
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5. Claims 40-42 are rejected under 35 U.S.C. 103(a) as being unpatentable over Ohshima in 
view of Benton and Moriceau as applied to claim 29 above, and further in view of Applicant's 
admitted prior art (APA). 

The prior art of Ohshima in view of Benton and Moriceau, as explained above, 
discloses each of the claimed features except for indicating that the various semiconductor 
devices forming a circuit include a transistor. 

APA teaches that it is known in the art to from transistors on SOI substrates. 
It would have been obvious for one of ordinary skill in the art, at the time of the invention to 
form transistors as at least some of the devices of Ohshima as transistors in order to form 
circuits having amplifiers and switches, which are notoriously well known in the art, as taught by 
APA 

Response to Arguments 

6. Applicant's arguments filed 28 April 2005 have been fully considered but they are not 
persuasive. 

Applicant argues that the applied references fails to teach each of the claimed limitations. 
Examiner respectfully disagrees for the reasons presented in the rejection of the claims above. 
Applicant argues that because Benton smooths a trench feature and not a cleaved surface, that 
one of ordinary skill would not use the well established HC1 plus H 2 chemistry to smooth a 
cleaved surface. Examiner respectfully but vigorously disagrees. As Applicant is well aware, 
smoothing occurs at the atomic level; therefore, it does not matter in the least that Benton is 
smoothing the roughness of a trench because -at the atomic level- the action of the HC1 plus H2 
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gas is exactly the same as it would be at any silicon surface. For evidence see US 6,008,128 
(Habuka et al.) which characterizes the chemical reactions at the atomic level that let H2 smooth 
a silicon surface (col. 5, line 55 to col. 6, line 39). HC1 would be expected to behave similarly to 
H2 -given a sufficiently high temperature- since HC1 forms chlorosilanes with silicon, just as 
H 2 forms silane. (Again see Habuka.) 

Further in this regard, there exists no evidence of record that HC1 plays a role in reducing 
surface roughness, because the Moriceau reference applied above in the rejection clearly shows 
that H2 alone reduces the surface roughness by far greater than 90% -an amount at least as 
good, if not better than that reduction in surface roughness achieved in the instant application. 
Given the absence of evidence that HC1 provides any reduction in surface roughness of silicon, 
the instant application attempts to provide novelty and non-obviousness by merely adding an 
irrelevant ingredient --i.e. HC1- to H 2 . This would merely amount to copying the invention of 
another by adding an irrelevant ingredient. Finally in this regard, Habuka points out that 
amounts of HC1 greater than 10% relative to hydrogen, at temperatures as low as 700 °C, 
increase, rather than decrease, the surface roughness of silicon (col 5, lines 34-39); yet Applicant 
claims amounts of HC1:H 2 as high as 30:1, or about 97% HC1 in H 2 . In this regard it appears that 
the claims are not enabled because the disclosure and the claimed composition can actually 
increase the surface roughness by pitting the silicon surface. 

Applicant argues the applied art does not teach increasing the hydrogen concentration of 
the cleaved surface before the etchant and thermal steps. Examiner respectfully disagrees, as 
noted above in the rejection. As repeated from the rejection above, it is noted that there is no 
merit to Applicant's "belief as stated in the instant specification at p. 11, lines 20-26 that 
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increasing the surface concentration of hydrogen of the cleaved surface "improves the surface 
smoothing," given that Benton shows at least equivalent smoothing of the rough Si surface to 
that disclosed in the instant specification: 98% reduction in roughness down to an absolute 
surface roughness of less than 1 A (0.1 nm) — just as in the instant disclosure (at p. 15, lines 15- 
30). In this regard, it has been held that "[vjarying the details of a process, as by adding a step or 
splitting one step into two does not avoid infringement, where the processes are 
substantially identical or equivalent in terms of function, manner, and result. Universal Oil 
Products Co. v. Globe Oil and Refining Co., 322 U.S. 471, 61 USPQ 382 (1944); Ace Patents 
Corporation v. Exhibit Supply Co., 1 19 F.2d 349, 48 USPQ 667 (7th Cir. 1941); King-Seeley 
Thermos Co. v. Refrigerated Dispensers Inc., 354 F.2d 533, 148 USPQ 1 14 (10th Cir. 1965). 
Identity of the apparatus used for executing the processes is not material in itself National Lead 
Company v. Western Lead Products Co., 324 F.2d 539, 139 USPQ 324 (9th Cir. 1963)." Excerpt 
from Matherson-Selig Co. v. Carl Gorr Color Card, Inc., 154 USPQ 265 (DC Nffl 1967). In the 
instant case, the function, manner, and result are the same as in the applied art. 
Accordingly, the increasing the hydrogen concentration of the cleaved surface before the etchant 
and thermal treatment is merely the splitting of known steps. Furthermore, nowhere in the 
specification, nor in any evidence provided by Applicant, does Applicant provide an example of 
increasing the concentration that gives a different results from the closest prior art. 

In response to applicant's argument that there is no suggestion to combine the references, 
the examiner recognizes that obviousness can only be established by combining or modifying the 
teachings of the prior art to produce the claimed invention where there is some teaching, 
suggestion, or motivation to do so found either in the references themselves or in the knowledge 
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generally available to one of ordinary skill in the art. See//? re Fine, 837 F.2d 1071, 5 
USPQ2d 1596 (Fed. Cir. 1988) and In re Jones, 958 F.2d 347, 21 USPQ2d 1941 (Fed. Cir. 
1992). 

Conclusion 

7. THIS ACTION IS MA DE FINAL, Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1 .136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the mailing 
date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Erik Kielin whose telephone number is 571-272-1693. The 
examiner can normally be reached from 9:00 - 19:30. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Carl Whitehead, Jr. can be reached on 571-272-1702. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 
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Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 




Erik Kielin 
Primary Examiner 
July 9, 2005 . 



